Synthesis, spectral properties and crystal structure of dimethylthallium(III) complexes with 2-mercaptonicotinic acid (2mna), 2-mercapto-methyl-nicotinate (2mmn), 2-mercapto-ethyl-nicotinate (2men) and 2-mercapto-isopropyl-nicotinate (2min) are reported. The compounds were characterized using IR, multinuclear NMR ( 1 H, 13 C, 205 Tl) and mass spectrometry (electrospray, ES-API). The molecular structures of [TlMe (4) were determined by the single-crystal X-ray diffraction. In 1, the monodeprotonated O,S-bidentate ligand chelates one dimethylthallium(III) unit and simultaneously bridges (O and S) between two of these organometallic units. The Tl-O1' and Tl-S" interactions are leading to polymeric chain linked in a three-dimensional network by the hydrogen bonds formed between the water molecule and the oxygen O(2) atom of the acid. The thallium atom is in a distorted octahedral environment with a [TlC 2 O 2 S 2 ] kernel. Compounds 2, 3, and 4 are similar, in all the cases already mentioned the ligand is NH deprotonated and is strongly coordinated to two dimethylthallium(III) units through the N and S atoms. Two additional weak interactions with the O and S atoms lead to a [TlC 2 NOS 2 ] kernel for the metal atom, in which the coordination polyhedron is a very distorted octahedron with the methyl groups occupying the apical positions.
Introduction
Although 2-mercaptonicotinic acid is a ligand with interesting possibilities of coordination, either (N,S) or (O,S), a survey of the reported molecular structure determinations for metal complexes revealed that the S,N-bidentate chelating and N,S-bidentate triconnective bridging modes are the most usual coordination patterns for the 2-mercaptonicotinic acid, (Scheme 1, structures II and IV) [1] [2] [3] [4] . The gold(I) complex with the 2-mercaptonicotinic acid describes a S-monodentate coordination mode, (Scheme 1, structure I, [4] ). The reported molecular structures of the Mo(VI) complexes with the methyl, ethyl and isopropyl esters reveal that the esters act as N,S-bidentate chelating ligands (Scheme 1, structure IIa) [5] .
Scheme 1 Most usual coordination modes of 2-mercaptonicotinic acid and esters.
The presence of the SH-group as substituent in position 2 of the pyridine ring usually leads to a thiol -thione tautomerism which must be considered both in solution and solid state [6] .
Scheme 2 Thiol -thione equilibrium for the corresponding ligands.
The present work reports the synthesis and spectral characterization of dimethylthallium(III) complexes with 2-mercaptonicotinic acid (2mna), 2-mercaptomethyl-nicotinate, (2mmn), 2-mercapto-ethyl-nicotinate, (2men) and 2-mercaptoisopropyl-nicotinate, (2min), in 1:1 molar ratio, which permitted the isolation of new dimethylthallium(III) complexes. The compounds were characterized using IR, multinuclear NMR ( 1 H, 13 
Experimental

Materials
2-mercaptonicotinic acid was purchased from commercial sources (Fluka). The methyl, ethyl and isopropyl esters were prepared as reported in the literature [7, 8] and characterized by 1 H and 13 C NMR. Dimethylthallium(III) iodide was obtained according to the method described by Gilman and Jones [9] . Dimethylthallium(III) hydroxide was prepared by stirring dimethylthallium iodide with an excess of freshly Ag 2 O precipitate for 48 hours in water and removing the AgI by filtration. All other chemicals are AR grade and used without additional purification.
Synthesis
An aqueous solution of dimethylthallium hydroxide was added drop wise to a stirred solution of the corresponding ligand (1mmol) in methanol. The final mixture was stirred for 8 hours and then the resultant, a white-yellow precipitate, was recovered via filtration, washed with methanol and dried in vacuum over CaCl 2 /KOH. Crystals suitable for single X-ray diffraction studies were obtained by slow evaporation of the solvents from the filtrate of the complexes 1-4. Details of the preparations are given in the 
Measurements
Microanalyses, IR, multinuclear NMR spectra, and mass spectra were recorded on crystals for compounds 2 and 3, and on the crude product for the complexes 1 and 4. Elemental analysis (C, H, N, S) was performed using a Fisons 1108 and Perkin Elmer analysers. Melting points were determined with a Büchi apparatus and molar conductivity measurements were made with a Crison CM 2202 apparatus. The analytical data of the complexes are presented in Table 2 . IR spectra were recorded on a Brücker IFS-66 spectrometer using KBr pellets (4000-500 cm −1 ) and Nujol mulls between polyethylene pellets (500-100 cm −1 ). 1 H, 13 C and 205 Tl NMR spectra were recorded on a Brücker AMX-300 spectrometer operating at 300.14, 75.4 and 173.5 MHz, respectively, using solutions in DMSO-d 6 at room temperature. The chemical shifts are reported in ppm and were referenced to TMS using the solvent signal for 1 H and 13 C spectra ( 
Crystallographic data collection and structure determination
Data collection and processing was carried out using an Enraf-Nonius CAD 4 diffractometer with a graphite-monochromated Mo-K α radiation (λ= 0.71073Å). Cell refinement revealed cell constants corresponding to an orthorhombic cell for 1 (Pbna), 3 (P2 1 2 1 2 1 ) and 4 (P2 1 2 1 2 1 ) and a monoclinic cell for 2 (C2/c), whose dimensions are reported in Tables 3 and 4 along with other experimental parameters. The intensities were corrected using Lorentz polarization factors. The structures were solved using a Patterson method for heavy atoms and refined by full matrix least-squares methods for the location of the remaining non-hydrogen atoms (SHELX 97 [11] ). All of the non-hydrogen atoms were treated anisotropically. All hydrogen atoms were included in the model at geometrically calculated positions. The drawings were made using the ORTEP [12] and PLATON [13] programs. Selected distances and bond angles are given in Tables 5 and 6 and the molecules are displayed 
Results and discussions
X-ray study
The four complexes for which crystal structure determinations are reported in the present work exhibit some common features concerning the metal-ligand bond lengths: (i) the structural parameters of the TlMe (ii) the Tl-N distances are in the range [2.574 (10) than the distance of a simple C-S bond (1.79Å), but longer than the distance of a double C=S bond (1.69Å) [25] .These values suggest that the ester ligands significantly evolve, after deprotonation and coordination, to the thiol form, while this evolution is less significant for the 2-mercaptonicotinic acid. 
87.10 (14) C ( The X-ray crystal structure of 1 is shown in Figure 1 . (2) 1.332 (7) C ( O(1) forming strongly bonded dimmers. The NH group remains protonated, thus the N atom does not coordinate and the ligand basically keeps the thione form. Nevertheless, although in the thione form, the S atom is weakly bonded to two metal atoms from neighboring dimmers giving rise to a polymeric chain (see Fig 1b) In the lattice, chains of 1 are linked through hydrogen bonds involving the NH group, the oxygen O(2) of the carboxylate group and the water molecule (table 7, Figure 2) , give rise to an infinite three-dimensional network (see Table 7 , Fig. 2 ). (4) In these complexes the three mercaptonicotinato ligands show a very similar coordinative behavior. In fact, in the three complexes each ligand bridges between two dimethylthallium(III) units, being strongly bonded to one of these units via the pyridinic N atom (N-Tl), and to the other via the S atom [S-Tl", " = -x+0.5, y+0.5, -z+1.5 (2), x-0.5, -y+0.5, -z+1 (3), x-0.5, -y+1.5, -z (4)], giving rise to a polymeric chains (see Figure  3 for compound 2, similar chains are obtained for 3 and 4) along the y (for 2) and the x axes (for 3 and 4) . Furthermore, each ligand also establishes two weak interactions, with two different metal atoms, through sulfur (S···Tl) and oxygen O1 (O1···Tl") atoms. If all these strong and weak interactions are taken into account the coordination number of the thallium is six with a [TlC 2 NOS 2 ] kernel, and the coordination polyhedron around the metal is described as a very distorted octahedron with the methyl groups in the apical positions. The C-Tl-C units form similar angles which are far from linearity and bent towards the vacant position. The equatorial positions are occupied by two sulfur atoms, a nitrogen atom and an oxygen atom, [ eq = 359.5-360.7 o ]. 
IR spectra
The main infrared (1800-100 cm −1 ) frequencies of the free ligands and complexes are listed in Table 8 Complex
530w -260w 221w m = medium, w = weak, vw = very weak Table 9 Main far IR data (600-100 cm
The C=O stretching vibration band is shifted to higher frequencies (∆ν = 10 cm [15, 16, 18, [20] [21] [22] 27 ].
NMR spectra
The NMR spectra were recorded in DMSO-d 6 and the assignment of the 1 H and 13 C resonance signals are included in Tables 10 and 11 . The numbering pattern is shown in Scheme 3. The main changes in the 1 H NMR spectra of the complexes with respect to the free ligands are:
• The presence of the resonance signal of the TlMe [15, 20, 21, 22] ).
• The absence of signals about 14-13 ppm in the spectrum of the complex [TlMe 2 (2mna)], together with the fact that water signal is very wide, is coherent with the monodeprotonation of the ligand and the remaining proton exchanging with the solvent.
• The resonance signal in 13.72-13.78 ppm range is due to the NH group considering that in DMSO-d 6 solution the esters are in the thione form. The absence of this signal in the spectra of the complexes is a result of the deprotonation and coordination through the pyridyl nitrogen atom. • The resonance signal of H (6) • The resonance signals of the alkyl protons (methyl, ethyl and isopropyl) have almost the same positions as in the free ligands. The 13 C NMR spectra of the complexes (spectral data in the Table 11 ) present the following changes:
• The spectra of the complexes present the carbon resonance signals of the TlMe [15, 21, 22, 27] .
• The C(7) resonance signal is shifted downfield (3.18-0.99 ppm) in the spectra of the complexes 1-4. The greater difference with respect to the spectrum of the free ligand is observed in the spectrum of the complex 1 (3.18 ppm) as a result of a strong coordination through the carboxylate group. • In the spectra of the complexes the C(6) signal is shifted downfield (3.82, 7.74-8.70 ppm). The lowest difference appears in the spectrum of the complex 1 because, in this case, the pyridyl nitrogen atom does not coordinate.
• C(2) signal has almost the same positions in the spectrum of the complex 1 because, in this case, on the one side the nitrogen atom does not coordinate and on the other side the ligand coordinates in the thione form as the free ligand. In the spectra of the complexes 2-4 this signal is shifted upfield (0.63-1.48 ppm) as a result of the (N,S) coordination mode.
• The C(3) and C(4)resonance signals are shifted upfield (0.20-5.50/0.52-4.27 ppm) in the spectra of complexes, while the C(5) signal is shifted downfield (0.45, 2.44-3.40 ppm) in the spectra of the complexes. The 205 Tl spectra of the complexes with the esters are characterized by a broad signal situated at 3684, 3690 and 3695 ppm, respectively, which is specifically for a (N,S) coordination mode of the TlMe + 2 [15, 21, 22, 27] . The spectrum of the complex [TlMe 2 (2mna)] has a broad signal at 3498 ppm characteristic to a (O,S) coordination. [18] .
Mass spectra
The results of the ES-API mass spectra of the complexes are listed in Table 12 . In the ES mass spectra recorded at low cone voltage (25 V) the peaks with m/z = 390, 404, 418 and 432 are corresponding to the ion [M + H + ], in good agreement with the proposed molecular formula. The other peaks correspond to the ions formed after the loss of a methyl group form the TlMe + 2 unit or of R-, RO-, -COOR groups [20, 27, 28, 29] .
Supplementary material
Crystallographic data for the structural analysis of the compounds 1- 4 
